FINITE TEMPERATURE EXCHANGE CORRELATION : APPLICATION TO NMR LINEWIDTHS IN MAGNETIC INSULATORS
MnF2, KMnF3, and RbMnF3 are calculated. To first order in (TNIT), the auto-and pair correlation functions which determine AH(T) are obtained through short time expansions, calculation of the diffusion coefficient characterizing long time behavior, and short interpolations between these limiting regions. The resulting predictions for the term in AH linear in ( T N / T ) agree with experiment to within 20 % in the worst case. This is a substantial improvement over the predictions of other commonly used theories.
Recent interest in exchange induced spin correlations in the paramagnetic state of magnetic materials has been stimulated by the possibility of directly comparing cr first principles D calculations with experimental data. For example, high temperature NMR linewidth studies in the magnetic insulators MnF,, KMnF,, and RbMnF, provide a very stringent test of the theory of exchange narrowing, since in these particularly simple and well-studied systems the precision of the linewidth calculations (-+ 7 X ) and of the lower temperatures. Experimental values of the coefficient a are presented in Table I so extensive, it is useful to extend the infinite tempera-
The ''' NMR linewidth in MnF2, KMnF3, and ture theory of exchange narrowed linewidths to first RbMnF, has been chosen for this test because the order in p.p. The linewidth has the form : source of linewidth is almost exclusivelv the fluctuating transferred hyperfine fields of neighboring magnetG S ( S + 1) spins. The problem is thus reduced to understanding AH(T) = 7 3 x the dynamics of the auto-correlation and pair correlations between these nearest neighbors. The simplicity of the magnetic structures and of the exchange interac-
(1) tions in these systems has facilitated a precise determination of th&ir magnetic parameters. It also makes where A is the hyperfine coupling constant7 and NA possible detailed calculations of the correlation func-and NP are the number auto-and pairtions which can then be with experiment. correlation contributions. $~( t ) and $~( t ) are the The linewidth measurements [2] , on large single temperature dependent auto-and air-correlation . HONE AND B. G . SILBERNAGEL i = A, P. A major assumption of the theory is that the long time, long wavelength, spin diffusion description is adequate even at 2 or 3 times the microscopic correlation time t, and at near neighbors of the reference spin. With an appropriate choice of initial conditions, this description appears to be quite accurate, as we will discuss below.
In this diffusion picture, the spatial and temporal $(A, t) , A being the near neighbor distance. This choice for the long time form of $, and $, is found to match the short time expansion excellently. This is indicated in figure 1 , where $,(t) is plotted for BIT = 0,0.2,0.4 respectively. The region of interpolation is found to be extremely small. This plus the fact that the hydrodynamic solution is known to be correct at very long times, suggests that our procedure is justified. The corresponding figure for $,(t) has not been included since the temperature dependence of the autocorrelation function is found to be considerably weaker.
Assuming 8/T < 1, the functions $, and $, are integrated explicitly in the short (0 < t < 7,) and long (t 2 2 7,) time regions, while the area of the intermediate region is estimated using a trapezoidal approximation. The resulting values for the coefficient a are presented in Table I , and are found to be in substantial agreement with experiment. The uncertainty of the values is associated with the estimates involved in the diffusion tails. As predicted the bulk of the temperature dependence arises from the pair correlation terms. In KMnF, for example, pair correlations contribute only 20 % of the infinite temperature linewidth, while they are responsible for 60 % of the temperature dependence. We have described a simple model which avoids the correlative approximations of Green's function and related theories. Within the limited temperature region of its validity, it then serves as a useful tool for the evaluation of these more general but approximate theories. For example, the results obtained here can be compared with the predictions of the Mori-Kawasaki theory for the values of A(a), 6, and a discussed above [4, 71. Although the values of A(o3) agree to within 1 %, the Mori-Kawasaki theory predicts a considerably stronger temperature dependence of A(T) : 6 = 1, compared with the 6 --0.13 obtained here. Further, the prediction for a is larger than experiment by a factor of two (see Table I ). A detailed study of this and other theories will appear elsewhere.
